Based on Zhao et al., 2013 , hPSC-derived endoderm cells were treated with 20ng/mL FGF7, 10µM SB421542 in RPMI containing 0.5mg/mL Albumin Fraction V and 1% Insulin/Transferrin/Selenium (ITS) for 2 days. Subsequently, the cells were treated with 20ng/mL FGF7, 20ng/mL FGF2, 50ng/mL BMP4 in DMEM/F12 containing 1mM Glutamax, 0.1mM Beta-mercaptoethanol, 1% NEAA and 1% B27 for 2 or 5 more days to generate day-6 liver progenitors ( Figures 3A-B ) or day 9 liver progenitors ( Figures 5A-B) . To further differentiate the day-9 liver progenitors into hepatocyte-like cells, day-9 liver progenitors were treated with 20ng/mL HGF, 50ng/mL BMP4 in DMEM/F12 with 1mM Glutamax, 0.1mM Beta-mercaptoethanol, 1% NEAA and 1% B27 for 5 days. Finally, these cells were further treated with 10ng/mL OSM and 0.1µM Dexamethasone in Hepatocyte Culture Medium (Lonza) for 4 days to generate day-18 hepatocyte-like cells (Figures 5A-B) .
Following Si Tayeb et al., 2010 , hPSC-derived endoderm cells were treated with 10ng/mL FGF2 and 20ng/mL BMP4 in RPMI containing 2% B27 for 4 to 5 days to generate day-6 liver progenitors (Figures 3A-B) or day-7 liver progenitors (Figures 5A-B) . The day-7 liver progenitors were further differentiated into hepatocyte-like cells using 20ng/mL HGF in RPMI containing 1% B27 for 5 days and 20ng/mL OSM in Hepatocyte Culture Medium without EGF (Lonza) for 6 days to generate day-18 hepatocyte-like cells (Figures 5A-B) .
Based on Avior et al., 2015 and Chen et al., 2012 , human ESCs were treated with 100ng/mL ACTIVIN, 50ng/mL WNT3A and 10ng/mL HGF for 3 days in 2% B27 RPMI supplemented with 1mM Glutamax. Later, cells were treated with 20% KOSR, 1% NEAA, 1mM Glutamax, 0.1mM 2-bertamercaptoethanol and 1% DMSO in Knockout DMEM for 4 days to generate day-7 liver progenitors ( Figures 3A-B) . Later, following Avior et al., 2015 , the liver progenitors were further treated with 20ng/ml OSM, 500nM Dexamethasone, 4ng/mL FGF2, and 1% ITS (Sigma, I13146) in IMDM for 5 days and 500nM Dex, 10ng/mL HGF, ITS-3 (Sigma, I12771), 10µM Lithocholic Acid, and Vitamin K2 (Sigma, V9378) ( Figure S5B ). Based on Chen et al., the day-7 liver progenitors were treated with 20ng/mL OSM, 500nM Dexamethasone and 1% ITS (Sigma, I3146) in IMDM for 5 days ( Figure S5B ).
Based on Carpentier et al., 2016, human ESCs were first differentiated into endoderm cells for 4 days using the STEMDiff definitive endoderm differentiation kit (StemCell Technologies Inc.) . Later, the endoderm cells were dissociated as a single cell suspension and seeded at a density of 275k cells per well of a 12-well plate in the presence of 10% KOSR, 1mM Glutamax, 1% NEAA, 1% PS, 1% DMSO and 100ng/mL HGF in DMEM/F12 for 3 to 4 days to generate day-7 liver progenitors ( Figures 3A-B) or day-8 liver progenitors. 10µM Y27623 was only added on the day of cell plating. The day-8 liver progenitors were further differentiated into hepatocyte-like cells using 100ng/mL HGF, 10% KOSR, 1mM Glutamax, 1% NEAA, 1% PS, and 1% DMSO in DMEM/F12 ( Figure S5B ).
Design and construction of Cas9 plasmids
Primers used for constructing the plasmids are listed in Table S2 . All restriction enzymes were purchased from NEB, unless stated otherwise. PCR reactions were conducted using Q5® Hot Start High-Fidelity 2X Master Mix (NEB, M0494L) or Phusion High-Fidelity PCR Master Mix with HF Buffer (ThermoFisher Scientific, F531S). Ligations were conducted using isothermal assembly with NEBuilder® HiFi DNA Assembly Master Mix (NEB, E2621L) or In-Fusion® HD EcoDry™ Cloning Plus (Clontech, 638915) . Primers and dsDNA fragments were ordered from Integrated DNA Technologies (IDT). EF1α promoter was PCR amplified from N205 plasmid (Addgene plasmid # 44017), a gift from Jerry Crabtree (Hathaway et al. 2012) . Amp pUC fragment was obtained from pCMV-Bsd (Thermo, V51020). Plasmid pX330 (Addgene plasmid # 42230), a gift from Feng Zhang (Cong et al. 2013) , was digested with XbaI & AarI (Thermo, ER1582) and ligated with EF1α promoter. Next, the modified plasmid was digested with SspI and XbaI and then ligated with the Amp pUC fragment. The BmsBI chimaeric gRNA cassette was amplified from a gBlock based on px335 (Addgene plasmid # 42335), a gift from Feng Zhang (Cong et al., 2013) . The cassette was subsequently ligated into XbaI cut site of our modified Cas9 plasmid. To add a 2A-linked mRuby2, the plasmid was first digested with PmlI and EcoRI, and the Cas9 3' fragment was amplified from px330 and 2AmRuby2 (Lam et al., 2012) fragment was amplified from a gBlock. Next, these two PCR fragments were ligated with the digested plasmid. Enhanced specificity of Cas9 was attained by specific mutations of the Cas9-protein sequence (Kleinstiver et al., 2016; Slaymaker et al., 2015) . Such mutations (K848A/K1003A/R1060A) were introduced to our Cas9 plasmid by cloning in a gBlock. 5' fragment of Cas9 and 3' fragment plus 2AmRuby2 were amplified from the plasmid, and mutated sites from gBlock. The plasmid was digested with FseI and EcoRI and fragments ligated in the digest. hPSCs are very sensitive to DNA damage (Momcilovic et al., 2009; Momcilovic et al., 2010) and we found that Cas9 targeted hPSCs had low survival and low number of correctly targeted clones. Inhibiting the TP53 checkpoint could increase survival of targeted hPSCs (Ihry et al., 2017) . mtp53 dominant negative fragment was amplified from gBlock based on pCE-mp53DD (Addgene plasmid # 41856), a gift from Shinya Yamanaka (Okita et al. 2013) and ligated it into our Cas9 plasmid digested with EcoRI to generate our final construct pMIA3 1sg-eSpCas9-2AmRuby2-2Amp53DD. 12 clones were picked from the targeted wells. 11 clones survived the expansion and gDNA was isolated for screening. Primers for amplifying the FAH target region in the eGxxFP plasmid (also annotated "eGxxFP primers" were used for screening the targeted clones alongside FAH-clover forward and reverse primers (Table  S2) . Expected PCR product size for wild-type cells is 422 bp with eGxxFP primers and for targeted cells 2.3 kbp with "FAH-clo" primers. 10 out of 11 clones picked amplified PCR bands at both WT and targeted sizes, suggesting they were heterozygous clones (Figures S5G-I) . 3 out of the 10 clones had no mutations on the WT allele as confirmed by Sanger sequencing ( Figure S5J ).
Heterozygous clones that were confirmed were further expanded and targeted with 10µg of pCAG-Cre:GFP (Matsuda & Cepko 2007) (Addgene plasmid # 13776), a gift from Connie Cepko. These cells were allowed to recover for 48h after which they were sorted for GFP. The GFP + cells were plated in CloneR supplemented mTeSR1 medium at a density of 100 to 1000 cells per well in a 6-well tissue culture plate. After 48h, the media was changed to mTeSR1 medium and clones were allowed to expand for 10-14 days. Clones were then manually picked for expansion and screening. PCR screening and Sanger sequencing was done with eGxxFP primers as above. Expected PCR amplicon size for correctly targeted allele is 1.3 kbp ( Figure S5I) . Next, confirmed clones were expanded and used in downstream experiments.
Intracellular FACS
AFP antibodies (DakoCytomation, A000829) were conjugated with R-phycoerythin (rPE) using rPE labeling kit (abcam, ab102918) . Cells (either undifferentiated hPSCs or hPSC-derived liver cells) were dissociated into single cells using TrypLE Express (Gibco, 1260413) and centrifuged at 2000 rpm for 3 minutes. Each cell pellet was washed with 1x PBS (Gibco, 14190235), strained using a 100µm strainer (Falcon, ) and counted using a hemocytometer before fixation in BD Cytofix/Cytoperm buffer (BD Bioscience, 554714) on ice for 20 minutes. Next, the fixed cells were washed 2 times with 2 mL 1x BD Perm/Wash buffer (pre-warmed to room temperature) (BD Bioscience, 554723) at room temperature and pelleted. The cell pellet was then resuspended in 1x BD Perm/Wash buffer and 100µL of cell suspension was aliquoted into individual tubes for separate stains. Stained or unstained controls were included. Either anti-ALB-APC (R&D, IC1455A, 0.4µL per 150,000 cells) or anti-AFP-PE (0.33µL per 150,000 cells) was used. The anti-AFP-PE antibody/cell mixture was incubated at room temperature for 30 minutes in the dark while anti-ALB-APC antibody/cell mixture was incubated at room temperature for 20 minutes in the dark. Subsequently, the unstained or stained cells were washed 2 times with 2 mL 1x BD perm/wash buffer at room temperature and pelleted. The pellet was then resuspended in 300µL 1x BD perm/wash. FACS run was performed using BD LSR Fortessa X20 and FACS data were analyzed using FlowJo.
Surface marker FACS
Cells were dissociated using TrypLE Express, pelleted, resuspended in FACS buffer (0.5% BSA Fraction V + 5mM EDTA in 1 x PBS) and strained through a 40µm filter (BD Biosciences) to generate a single-cell suspension. The cell suspension was aliquoted into individual tubes and stained with α-CD99 PE, α-CD99-APC, α-CD10 APC, α-CD201-APC or α-CXCR4-PE-Cy7 (Table S2) for 30 minutes on ice in the dark. Subsequently, the cells were washed 3 times with 1-2 mL of FACS buffer, resuspended in 300 µL of FACS buffer containing 100 ng/mL DAPI into a FACS tube and analysed by FACS using BD LSR Fortessa X20. (Table S1 ) were reconstituted with deionized water before their use to stain cells following manufacturer's instructions. Cell suspension was filtered through 100 µm strainer to remove clumps. 75 µL cell suspension was added to each antibody-containing well, pipette-mixed 3 times and incubated in the dark at 4°C for 20-30mins. The cells were pelleted at 500g for 6 minutes and supernatant was discarded by plate inversion. The cells were then washed twice with 200 µL cell staining buffer by pipette mixing, resuspended in DAPI-containing cell staining buffer and analysed with BD LSR Fortessa X20.
Sorting of

Immunostaining and image analyses
Cells were washed once gently with 1x PBS, fixed with 4% formaldehyde in PBS for 15-20 minutes at room temperature, washed 3 times with 1x PBS and blocked with blocking buffer (10% Donkey Serum + 0.1% Triton X in 1x PBS) for 1 hour at room temperature. Next, the cells were stained with antibodies diluted in 1% Donkey Serum + 0.1% Triton X in 1x PBS at 4°C overnight (see Table S3 for all antibodies used). The next day, the cells were washed 3 times with washing buffer (0.1% Triton X in 1x PBS) and then stained with fluorophoreconjugated secondary antibodies diluted in at 1:1000 (1% Donkey Serum + 0.1% Triton X in 1x PBS) in the dark at room temperature for 1 hour. Finally, the cells were washed once with 100 ng/mL DAPI/PBS once and twice with 1x PBS before visualization using Zeiss Axio Vision. "No primary antibody staining" or undifferentiated hPSC negative controls were used to adjust exposure times for minimal background fluorescence detection. The stained cells were counted using Image J (Abràmoff and Magalhães, 2004; Collins, 2007) . Image preprocessing including gray scale conversion, threshold setting, image segmentation and noise reduction were performed.
Western blotting (WB)
Cell samples were lysed using radioimmunoprecipitation assay (RIPA) buffer supplemented with protease inhibitor cocktail (Nacalai Tesque, 25955-11). Protein concentration was determined using Pierce BCA Protein Assay (ThermoScientific, 23225). 40 µg of protein lysates were separated by SDS-PAGE and transferred onto a PVDF membrane (100V at 4°C, for approximately 1 hour). Membranes were blocked with 5% milk in TBS for 1 hour at room temperature. The membranes were briefly washed with Tris-buffered saline (TBS) and after this incubated with the primary antibody (see Table S3 for all antibodies used) at 4°C overnight. The following day, membranes were washed 3 times with TBS and incubated with the appropriate HRP-conjugated IgG secondary antibody for 2 hours at room temperature. All antibodies, primary and secondary, were used with 5% milk in TBS. Following incubation with the secondary antibody, the membranes were washed 3 times in TBS. Washed membranes were developed using SuperSignal West Pico ECL (Thermo Scientific, 34077) and imaged with BioRad ChemiDoc MP Imager.
Immunohistochemistry (paraffin)
Immunohistochemistry was performed on paraffinized murine tissue that was embedded onto glass microscope slides and sectioned using a microtome. The sections were deparaffinized through a series of 5-minute washes with xylene, 100% ethanol, 95% ethanol, 70% ethanol and lastly milli-Q water. Endogenous peroxidase activity in sections were blocked using blocking buffer (65 mL of 100% methanol, 3.5 mL of 30% hydrogen peroxidase (Sigma) and 31.5 mL of milli-Q water) for 30-minute at room temperature. Finally, antigen retrieval was performed at boiling temperature for 30 minutes in a 10% pH 6-citrate buffer. The tissues were subsequently blocked with donkey serum for 1 hour at room temperature in a hydration chamber. The sections were stained with primary antibodies (Vector Laboratories, Vectastain ABC kit; PK-6101) at 4°C overnight, later washed 3 times with 0.1% Triton in 1x PBS done in 5-minute incubation intervals (with fresh buffer applied during each wash) and stained with secondary biotinylated antibody at room temperature for 30 minutes. Thereafter, the samples were lightly rinsed with 1x PBS for 5 minutes on an orbital shaker. 250 µl of ABC reagent was added to each sample and left to incubate at room temperature for 1 hour. The slides were then washed 3 times with 1x PBS for 5 minutes. For peroxidase detection, DAB kit (Vector Laboratory, SK-4100) was used for substrate binding. The substrate concoction (5 mL of milli-Q water, 2 drops of buffer stock, 4 drops of DAB and 2 drops of hydrogen peroxide) was applied onto the samples and left to incubate for 5 minutes at room temperature. After the 5 minutes incubation, the samples were rinsed 3 times with milli-Q water, changing fresh water each time. The samples were then placed into a vertical plastic chamber containing hematoxylin and incubated for 20 minutes. After the hematoxylin counterstaining step, the samples were rinsed 3 times with milli-Q water before proceeding to the dehydration steps. Dehydration steps comprises: 70% ethanol, 95% ethanol, 100% ethanol and xylene wash steps, all with 5 minutes incubation. The counterstained samples were permanently mounted using Vectamount reagent (H-5000) from Vector Laboratory.
Immunohistochemistry (cryoblock)
Mouse liver tissue was fixed in 4% formaldehyde diluted in 1x PBS at 4°C overnight and then immersed in 30% sucrose solution for cryoprotection. The liver tissue was then embedded in Optimal Cutting Temperature (OCT), sectioned and deposited onto microscope slides (A*STAR IMCB histology lab). The microscope slides were thawed in room temperature and stained following the immunostaining method described above.
Gene expression profiling by RT-qPCR RNA was extracted using Zymo RNA extraction kit. Reverse transcription was performed with random primers (Applied Biosystems RT kit) to generate cDNA. Gene expression was quantified using gene-specific primers and Quantitect SYBR Green master mix (Qiagen) or KAPA SYBR® Fast qPCR kit (KAPA Biosystems, KK4602). NCBI primer designing tool was used to design gene-specific primer sequences. The primers used were validated for their specificity and those with efficiency between 90-110% were used (Table S4) . Gene expression profile was analysed using Microsoft excel and heatmaps were generated using GenePattern version 2.0 (Reich et al., 2006).
Microarray
Total RNA was extracted from hPSCs and hepatic derivatives using the RNeasy Micro kit (Qiagen) and profiled for RNA integrity using the 2100 Bioanalyzer (Agilent). 500ng of high purity and high integrity samples with 260/280 and 260/230 absorbance ratios >1.9 and RNA integrity numbers (RIN) >8.0 were reverse transcribed into cDNA and in vitro transcribed into biotin-labelled cRNA using the TargetAmp-Nano labeling kit for Illumina Expression BeadChip (Epicentre). The cRNA was hybridised on HumanHT-12 v4 Expression BeadChips and scanned on the HiScan system (Illumina) according to the manufacturer's specifications. The raw microarray data was background subtracted using the BeadStudio Data Analysis Software v3.1.3.0 (Illumina) and normalised using the cross-correlation method (Chua et al., 2006) . Differential gene expression was defined based on a fold-change cutoff of >1.5 compared to the average of the undifferentiated hESC baseline controls ( Table S5) . Heatmaps of the fold-change in gene expression on a Log 2 scale were generated using Cluster and TreeView. Gene ontology analyses on the genes downregulated upon removal of DAPT, Forskolin, Ascorbic acid and Insulin were conducted using DAVID/EASE (Huang et al., 2008; Huang et al., 2009) . Background subtraction using Illumina HT-12 v3 database was chosen in the settings.
Animal husbandry and blood sampling
All animal experiments were performed pursuant to experimental protocols approved by the Institutional Animal Care and Use Committee (IACUC). Fah -/-Rag2 -/-Ilr2g -/-(FRG) mice on NOD or C57BL6 background (Yecuris, 10-0008 or 10-0001) were handled and housed under aseptic conditions. Each mouse had its ears notched for long-term tracking. The mice were fed ad libitum with irradiated LabDiet 5LJ5 chow formulated with high fat and low protein content to avoid excessive tyrosine levels, which can lead to liver damage. NTBC (Yecuris, 20-0026) was dissolved in sodium carbonate to generate 1 mg/mL stock solution. A final dose of 16 mg/L was given to breeders or non-experimental mice, whereas 0 to 8 mg/L NTBC was provided to experimental mice on selected days. All experimental mice were treated with the same NTBC cycling condition. 3% Dextrose was added to the drinking water to offset the bitter taste of NTBC. Antibiotics such as Sulfamethoxazole (SMX) and Trimethoprin (TMP) (Yecuris, 20-0037) were added to the water once every other week for 2-4 days to prevent infection in the immune-compromised mice. To aid in caloric intake, each cage was supplemented with a dish of liquid diet, prepared by adding 1 volume of STAT high caloric liquid (PRN Pharmaceutical, G8270) to 1 volume of 3% Dextrose (Sigma) drinking water. Masses of the FRG mice were measured weekly. Blood was collected using lancets for submandibular bleeding and allowed to coagulate in 4°C overnight. The next day, serum was harvested by centrifugation and removal of red blood cells.
Animal handling and transplantation
The FRG mice on C57BL6 or NOD backgrounds (Yecuris) were fed ab libitum with low-protein, high-fat irradiated Lab Diet 5LJ5 and water containing 16 mg/L NTBC (2-(2-nitro-4-fluoromethylbenzoyl)-1,3-cyclohexanedione). 1 day prior to transplantation, 1.25 x10 9 pfu/mL of urokinase type Plasminogen Activator (uPA)-expressing adenovirus particles (Yecuris) were retroorbitally injected into mice and 0.5-1.5x10 6 hPSC-derived day 18 hepatocytes were intrasplenically transplanted. 1 day before transplantation, liver injury was induced by cyclical withdrawal of NTBC for 5 to 7 days and then provision of 8 mg/L NTBC for 2 to 3 days.
Retro-orbital injections, intrasplenic and intrahepatic injections
Adenovirus particles expressing urokinase Plasminogen activator (uPA) (Yecuris, #20-0029) were injected at a dose of 1.25*10 9 pfu at a volume of 100 µL per 25g mice approximately 24 hours before transplantation. Pertaining to intrasplenic or intrahepatic injections, 20-300 µL of cells was injected into the spleen or liver of 4-6 week-old FRG mice using 26G-31G needles.
Intrahepatic injections into neonate and adult FRG mouse livers
For neonatal intrahepatic transplantations, 0-72h old FRG pups were injected with approximately 200,000 cells directly into the liver using 31G needles. The pups were then rubbed with bedding and returned to the cages. Pertaining to intrahepatic transplantation into adult livers, 50 µL of cells were injected into multiple sites within the liver using 26G-31G needles. Bleeding was stopped by gently applying pressure on the puncture site upon withdrawal of needle.
Bioluminescence imaging
The FRG mice were pre-transplanted with hPSC-derived hepatocyte-like cells, which overexpress luciferase gene. Prior to bioluminescence imaging, the transplanted mice were anesthetized with 1 to 3% isoflurane-mixed oxygen. To minimize imaging signal interference, mice were depilated at abdominal region to fully expose skin surface as hair will absorb and scatter light, which may result in lower signal output. The mice were then weighed to determine their masses. D-luciferin solution was reconstituted by adding 30 mL of saline or 1 x PBS to 1g of D-luciferin stock (Promega, InvivoGlo) and then filtered. 167µg/g firefly D-luciferin was injected intraperitoneally into each mouse. After 10mins of incubation, the mice were positioned in the Perkin Elmer IVIS Spectrum facing upright (0% relative to supine position) so that the liver was exposed to the camera's field of view. The parameters of bioluminescence imaging were as follow: Exposure -40s; binning -medium; excitation -block; emission -open; structure -no; FOV -D; Fstop -1; and height -1.5.
Enzyme linked immunosorbent assay (ELISA)
ELISA Accessory kit (Bethyl Laboratories, Inc, E101) was used to quantify human Serum ALBUMIN levels. The assay was performed as per manufacturer' instructions. Absorbance was measured using an ELISA plate reader at 450 nm.
Bilirubin quantification
Bilirubin levels in mouse serum were measured using a colorimetric Bilirubin assay kit (Sigma, MAK126). Total, direct or blank working reagents were prepared as per manufacturer's instructions. 20 µL serum was added per well and total, direct or blank working reagents were added to each sample. Colorimetric product was measured at 530 nm using the Sunrise TM microplate reader. The concentration of bilirubin was then calculated using the following formula [(A530sample -A530blank) x 5 mg/dL]/ [A530 calibrator -A530 water].
Survival curve analyses
The FRG mice were checked for survival daily and Kaplan-Meier survival analysis was conducted using GraphPad Prism v7.00 for Mac (GraphPad Software, La Jolla, CA, USA). Statistical analyses were performed using the one-sided Mantel-Cox log-rank test. Data from 3 independent transplantation experiments were analyzed.
Statistics
No statistical method was used to pre-determine sample size for in vitro or in vivo experiments. Experiments were not randomized. The investigators were not blinded to the allocation during experiments or outcome assessment. Figure S1 . Related to Figure 1 : Regulation of early foregut competence. A) Experimental strategy to treat DE with RA or TGFβ modulators on the day 2-3 interval and evaluate its subsequent impact on day-18 hepatocyte gene expression as shown in subpanels B and C. B) qPCR gene expression of day-18 hepatocyte markers after inhibition (BMS) or activation of retinoid signaling (using ATRA, 2 µM or various doses of TTNPB, 10-100 nM) in the presence of base media condition A83BF (A83BF: A8301, 1 µM; BMP4, 30 ng/mL; FGF2, 10 ng/mL) on the day 2-3 interval. C) qPCR gene expression of day-18 hepatocyte markers after inhibition (A8301, 1 µM or SB505124, 1 µM) or activation of TGFβ signaling (ACTIVIN, 10 ng/mL) in the presence of base media condition BF (BF: BMP4, 30 ng/mL; FGF2 10, ng/mL) on the day 2-3 interval. D) Experimental strategy to treat definitive endoderm (DE) with FGF2 at 10 ng/mL on the day 2-3 interval to produce day 3 posterior foregut (PFG) and assay subsequent effects on hepatic gene expression by day 8, as shown in subpanel E. E) ALBUMIN qPCR of day-8 hepatic progenitors cells generated from endoderm treated on the day 2-3 interval with FGF2. F) Experimental strategy to treat posterior foregut (PFG) or liver bud progenitors (LB) in the presence of base media condition ABBr (ACTIVIN, 10ng/mL; BMP4, 30ng/mL; 8-Br- CAMP, 1mM), with a WNT inhibitor (C59, 1 µM) or R-SPONDIN3 (R100, 100 ng/mL) and WNT3A at varying doses of 50 or 100 ng/mL on the day 3-4 or day 4-5 interval to produce day-4 or day-5 liver bud progenitors, as shown in subpanel G. G) CDX2 qPCR of day 5 liver bud progenitors cells generated from PFG treated on the day 3-4 interval with WNT modulators. H) qPCR gene expression of hPSC, day-3 hPSC-derived PFG and day-5 hPSC-derived liver bud (LB) and midgut/hindgut (MHG) progenitors. Error bars represent ± SE. Figure S3 . Related to Figure 3 : Identification of hPSC-, endoderm-and liver bud progenitor-specific cell surface markers using BD Lyoplate antibody screens. A) Day-6 H1 hPSC-derived liver progenitors generated using SR2 or other methods (Si Tayeb et al., 2010; Zhao et al., 2013) were immunostained for AFP, HNF4A and TBX3 with a DAPI nuclear counterstain; scale bar = 500µm. B) Percentages of H1, HES2 and BJC1 hPSC (grey), hPSC-derived endoderm (blue) and hPSC-derived liver bud progenitors (red) expressing surface marker CD99, as shown by FACS. C) qPCR gene expression of H9 hPSC-derived liver bud progenitors generated from SR2 described in the present study and methods previously described in the literature (Si Tayeb et al., 2010; Zhao et al., 2013) . Error bars represent ± SE. 
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Figure S4. Related to Figure 4: Signals inducing expression of tyrosine metabolic enzymes. A)
Experimental strategy to treat day-6 liver bud progenitors (LB) with NOTCH modulators on the day 7-12 interval and assay effects on hepatic gene expression by day 12, as shown in subpanel B. B) qPCR gene expression of day-16 hepatocytes generated from liver bud progenitors treated on the day 7-12 interval with a NOTCH inhibitor (DAPT, 10 µM). Each qPCR heatmap is representative of 4 independent experiments with technical duplicates. C) qPCR gene expression of day-16 hepatocytes generated from liver bud progenitors treated on the day 7-12 interval with INSULIN (INS: 0.7, 1, 3, 10 and 30 µg/mL). D) Experimental strategy to treat day-6 liver bud progenitors (LB) with a TGFβ inhibitor (SB505124, 1 µM) on the day 7-8, 9-10, 11-12 or 7-12 intervals and assay downstream effects on hepatic gene expression by day 16, as shown in subpanel E. E) qPCR gene expression of day 16 hepatocytes generated from liver bud progenitors treated on the day 7-12, 12-16 or 7-16 intervals with a TGFβ inhibitor (SB505124, 1µM). Each qPCR heatmap is representative of 3 independent experiments with duplicates. F) qPCR gene expression of day-16 hepatocytes generated from liver bud progenitors treated on the day 7-12, 12-16 or 7-16 intervals with Ascorbic acid 2-phosphate (AAP, 200 µg/mL). G) qPCR gene expression of day 12 liver cells after treatment with 8-BromocAMP (cAMP) and Forskolin (Fsk) in the presence of Dexamethasone (Dex). H) Immunostaining of CK7 and CK19 expression in day-13 hPSC-derived biliary progenitors, with DAPI nuclear counterstain DAPI, scale = 100µm. I) Gene ontology terms enriched amongst the genes regulated by DAPT, AAP or INS during the liver bud à hepatic progenitor differentiation step. J) Immunostaining of ALB (ALBUMIN) and ASGR1 expression in day-18 hPSC-derived hepatocyte-like cells, with DAPI nuclear counterstain DAPI, scale = 50µm. K) Protein expression of ALBUMIN, HGD and GAPDH in hPSCs (undifferentiated H1, H7, H9), day-18 H1-, H7-and H9-derived hepatocytes and adult human hepatocytes (AHH) as shown by western blot. L) FIBRINOGEN levels detected in culture medium grown with hPSC-derived hepatocytes as measured by ELISA; "Base" denotes the culture Tayeb et al., 2010; Zhao et al., 2013) . B) Day-18 hepatocyte-like cells generated by 4 methods: SR2 (the method described in the present work) and previously-reported methods (Carpentier et al., 2016; Avior et al., 2015; Chen et al., 2012) were stained for ALBUMIN (ALB) and Alpha1 anti-trypsin (AAT) with a DAPI nuclear counterstain and multiple fields were stitched into 1 image. C) In vitro secretion of human serum ALBUMIN into cell culture media by hPSC-derived hepatocytes as measured by ELISA. D) Schematic of FAH-pMIA3 plasmid. E) Schematic of eGxxFP plasmid. F) Guide RNA and eSpCas9 cleavage efficacy test. HEK293T cells transfected with the pCAG-eGxxFP plasmid, FAH-pMIA3 plasmid and both plasmids; scale = 1000µm. G) PCR screening of H1 FAH-2AClover clones with eGxxFP primers after Creexcision. H) PCR screening of H1 FAH-2AClover clones with FAH-Clo junction primers. Arrows illustrates DNA regions that PCR screening primers bind to. I) PCR screening of H1 FAH-2AClover clones with eGxxFP primers. J) Sequencing of PCR products from WT allele of clones with no targeting on second allele with donor vector-specific primers. Error bars represent ± SE. Table S2 . Related to Figure 5 : List of primers used for CRISPR-mediated gene editing Primers for pMIA3 1sg-eSpCas9-2AmRuby2-
